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In June 2006 I had the privilege of participating in a four-day teacher training workshop in
Mumba, Tanzania. In this paper I will discuss the challenges and triumphs of working with
Tanzanian Secondary Mathematics teachers. We will discuss the educational environment,
teaching strategies, and curricular issues that affect mathematics teachers in rural areas of
Tanzania and contrast that with the American educational experience. We will also discuss some
of the goals of the Teacher Training workshop that my colleagues and I led and look at some of
the specific mathematical ideas and applications that I shared with the Mathematics teachers in
attendance.
Our team consisted of nine teachers and professors from the Midwest with expertise in the areas
of math, physics, chemistry, literature/language arts, basic teaching and cooperativy learning
techniques, and health/first aid. We left from Chicago and flew to DarEs Salaam, Tanzania via
London. We then took a charter flight into Sumbawanga in western Tanzania and completed the
final leg of our journey to the village of Mumba in land cruisers where we stayed with
missionaries and worked with Kanisa La Neema Tanzania (Church of Grace in Tanzania). The
church was started nearly 50 years ago and has grown to over 70 churches in the Rukwa and
Mbeya regions of the country. Their ministry is focused on village churches, but they are also
working on church plants in the cities of Mbeya and Sumbawanga. They also run two vocational
colleges and are involved in many agricultural projects. The purpose of our trip was to dialogue
and share teaching strategies with the teachers at the Kanisa La Neema Secondary Schools.
Our first day in Mumba was spent touring the village, the government primary school, and the
Makuzami Secondary School where we would hold the 4-day workshop. Neither the schools nor
the village had running water or electricity and the structures were constructed of mud bricks
with grass roofs. The Makuzami Secondary School was newer and in better condition than the
government primary school, but both were very simple structures. This mirrored what we were
taught about the Tanzanian Educational System. The Government is actively building new
schools - there was new construction in progress at the school we visited; but they lack the
teachers and supplies needed to enable these schools to be effective. Many children do not even
have the opportunjty to attend primary school and for those that do, the class sizes can be
overwhelming allowing for very little individual attention for the students. Primary schools in
this rural area generally have about 500 students, 7 grades, and only 5 teachers. Primary school
is conducted in Swahili and begins around age 7 with standard one, which would be similar to
first grade in the U.S. The children progress through the grades with national tests at standards 4
and 7. Students must pass these tests in order to continue their education. Most students fail or
drop out of school around standard 4. Without adequate primary school teachers and supplies,
most of the students have very little chance of passing. Many of those who do pass the standard
4 test see their education come to an end a few years later because they do not pass the standard
7 test and thus are not allowed to continue on to secondary school. Those who do move on to
secondary school are faced with an extreme challenge at the outset since all secondary
instruction is conducted in English, the required language for all higher education. This
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transition to a new language of instruction is difficult for most students. In secondary school,
students take tests in form 2, form 4, and form 6. Form 4 is required for employment in most
government agencies and many international organizations. Only those who pass form 6 may
move on to college or university. Throughout the system, many students are lost and only the
top students progress. Fewer than 50% finish primary school, fewer than 10% of those who do
move on to secondary school where most fail before completing form 2. Overall, less than 1%
of those who start primary school actually complete form 4, so most are relegated to a life of
subsistence farming with very little hope for a different life. (Statistics and educational structure
information provided by Chad Zuber, Grace Ministries International.)
The Kanisa La Neema Secondary Schools were founded to offer hope and access to quality
education in order to change this situation. They have partnered with several villages to offer
education at affordable prices for students who otherwise would be unable to enter secondary
school. Passing the standard 7 test is not a requirement for entry since the quality of the primary
schools makes this very difficult. The first three months of their education are spent learning
English. Many of those who failed in the traditional system succeed when given this chance to
focus solely on increasing their English proficiency. The vast majority of those who failed
primary school actually do pass form 2 and many of those who continue on pass the form 4 exam
as well. The two schools have swelled to over 700 students in just the seven years since their
founding. Although American short-term missionaries were initially utilized to teach these
students, the goal was always to involve Tanzanians in the teaching of the next generation. In
accordance with that goal, now all of the teachers are from Tanzania or neighboring countries,
thus, Tanzanians are playing a vital role in improving the Tanzanian educational system.
As I mentioned previously, supplies are very limited, in fact, generally the teacher is the only
person with a textbook The paradigm of instruction, because of this, is very teacher-centered.
The method of instruction generally consists of the teacher writing on the board and the students
copying into their notebooks. The boards, themselves, were basically just wood that had been
painted black which I found extremely difficult to write on and erase with the chalk that they had
available. So the lack of adequate supplies, as well as, the difficulty in using what supplies they
do have is a significant barrier to effective instruction, but the students have a genuine desire to
learn. The classroom environment, specifically the interaction with students, is also very
different from what we experience in the United States. The students are extremely polite and
respectful. There are no classroom discipline problems. Students at times do fall asleep because
they are tired or malnourished, but they are never belligerent. They are greatly appreciative of
the teachers' efforts to help them learn and hold their teachers in high esteem. The one ·
challenging aspect of this is that their politeness can make it difficult to assess their
comprehension level. If you ask "do you understand?" they will always answer "yes" because it
would be disrespectful to disagree with their teacher. Since there is also an emphasis on
memorizing the students can give perfect word for word definitions or descriptions for
terminology and ideas, but often do not have a conceptual understanding of what they mean.
This is especially true in the sciences where they have often read about experiments, but have
actually performed few to none.
Equipped with this understanding of the educational system and structure, our goal for the
Teacher Training workshop was to acquaint the teachers with new (or new to them) and more
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interactive methods to improve student understanding. Each of the four days of the workshop
followed roughly the same structure. The morning consisted of sessions on Teaching
Techniques, Cooperative Learning, and Health/First Aid. The teachers were divided into three
groups and then rotated through the sessions so that they had the benefit of learning about each
of these areas. The morning sessions were followed by a lunch of either ugali and beans or rice
and chicken. These lunches provided time for informal interaction between the Tanzanian
teachers and those of us leading sessions. For the afternoon sessions, the teachers were divided
into groups by discipline (Mathematics, Physics, Chemistry, Literature/Language Arts) and spent
3-3.5 hours focusing solely on their primary area of instruction. The main drawback that I found
with this structure was that many ofthe Tanzanian math teachers in attendance also taught
Physics (and vice versa) so these teachers had to choose between the Math and Physics sessions
rather than being able to participate in both. Afternoon sports camps for the village children
were also offered, although I was unable to participate in these because they conflicted with the
sessions that I was leading.
Mathematics tends to be a weak subject for the majority of Tanzanian students because in their
experience, the instruction consists solely of copying notes and memorizing equations. Since I
only had four sessions to spend with these teachers, I chose to focus our sessions on Problem
Solving, Number Patterns, and Basic Geometry. We looked at a few hands-on examples and
interactive approaches to some ideas in these areas in order to enable these teachers to approach
some of these concepts in different and (hopefully) more accessible ways.
Since sunflowers are an important crop, and pinecones were also prevalent, we spent a session
looking at the Fibonacci Numbers and related ideas. We looked at the spirals on pinecones,
pineapples, sunflowers, and pictures of daisies to see that the number of clockwise and
counterclockwise spirals always correspond to consecutive Fibonacci numbers. Most of the
teachers were not familiar with these numbers, so we discovered the overall pattern of the
sequence by extrapolating from the data we had gathered from our investigation of these objects
and used this to determine the preceding and succeeding terms in the sequence. I also provided
each of the teachers with a set of pinecones whose spirals had been painted to enable easier
counting. The teachers were pretty excited to see that the Fibonacci numbers are exhibited in the
nature that they find all around them. In addition to counting spirals, we also (with the aid of
some calculators we donated) looked at the ratios of consecutive Fibonacci numbers and how
they converge to the Golden Ratio, and investigated how non-Fibonacci numbers could be
decomposed into a sum of non-consecutive Fibonacci numbers. We then used this observation
to develop a winning strategy for the game of Fibonacci Nim in which players take turns
choosing at least 1 but not more than twice the number of sticks their opponent just chose with
the goal being to take the last stick. (Note: the first player may not choose all of the sticks on the
first tum.) I think that they finally figured out the game, and I know that they had a lot of fun
playing it.
We also looked at a few other number patterns, including the Triangular and Tetrahedral
numbers as we transitioned to some problem solving activities. The other problem solving
activities that we explored consisted of a few of the "Silly Stories" from The Heart of
Mathematics, Burger and Starbird, 2005. The "Damsel in Distress" story provided a nice

80

transition to our discussion of basic geometric ideas because of its connection to the Pythagorean
theorem.
In our exploration of geometric ideas, I tried to focus on strategies for building conceptual
understanding through hands-on explorations and visual proofs or demonstrations. We started
by looking at simple proofs that the sum of the angles in any triangle is 180°. Each teacher cut a
triangle out of paper, tore off the comers and then lined them up to see that they formed a
straight line. Since a straight line
corresponds to a 180° angle, the sum of
the three angles in the triangle must also
be 180° (see Figure 1). We also showed
this by drawing a triangle with chalk on
the classroom floor and having the
teachers walk along its edges and then
turn their bodies through the interior
angles. When they returned to their
starting point, they found that they were
facing in the exact opposite direction
from where they started. Thus they had
Figure 1
completed a half tum as they turned
through the three angles of the triangle. Since a half-tum corresponds to 180°, the sum of the
angles had to also be 180°. Armed with this knowledge that the sum of the angles in a triangle
must be 180°, we moved on to other polygons determining their interior angle sums by
triangulating their interiors and then multiplying the number of triangles formed by 180°, since
each triangles' angles summed to 180°. Using this approach we were then able to develop a
general formula for the sum of the angles in a polygon. We then discussed what it meant for a
polygon to be regular and how we could then determine the angle measure for any regular
polygon using these ideas.
Having gained a good conceptual understanding of these ideas in two-dimensions, we broadened
our discussion to consider related ideas in three dimensions. We discussed ideas about what it
would mean for a three dimensional shape to be regular as well as conjectures about how many
regular polyhedra there are. We then showed that although there are infinitely many regular
polygons, there are only five regular polyhedra. We proved this by considering how many
congruent polygons could meet at each vertex in order to form a regular polyhedron. We found
that in order to have a 3D shape you must have at least three congruent polygons meeting at each
vertex, but the sum of the angles meeting at that vertex must be less than 360° so that it is not
flat. To make these observations clear, we used cutouts of regular polygons to construct these
regular polyhedra. Using this idea, we saw that the only possible regular polyhedra were the
tetrahedron (with 3 equilateral triangles meeting at each vertex), the octahedron (with 4
equilateral triangles meeting at each vertex), the icosahedron (with 5 equilateral triangles
meeting at each vertex), the hexahedron (also called a cube, with 3 squares meeting at each
vertex), and the dodecahedron (with 3 regular pentagons meeting at each vertex). We then
investigated the relationship between the number of vertices, edges, and faces of polyhedra in
order to motivate Euler's Characteristic Equation: V +F - E= 2. Finally we brought our

81

discussion full circle as we finished up this topic by looking at how Euler's Characteristic
Equation also holds for two-dimensional connected planar graphs.
We also spent some time looking at the Pythagorean theorem and some visual proofs of this
important relationship between the sides and hypotenuse of right triangles. Specifically, we
looked at two different proofs by picture
utilizing
b
a
puzzle pieces (cut from tag board)
consisting of four congruent right triangles
and one
little square. For the first proof, they used
the four
right triangles to form the edges of a
a
square
b
c
with side length a+ b as shown in Figure
2. This
leaves a square-shaped empty space, with
side
length c, in the interior of the original
square.
cz.
The area of this empty space must then be
Rearranging the four triangles, the
teachers
a
could create the configuration shown in
b
Figure 3
square
within the boundaries of the original
has two
with side length a+ b. This configuration
a 2 and
square-shaped empty spaces one with area
a
b
'
the other
with area
Figure 2
b
a
b2.
Since the area of the original square has not changed
a
and the area covered by the four triangles has not
changed, the areas of the empty spaces within the
square of side length a+ b must be the same.
Therefore, a 2 + b2 = c 2 • For the second proof, the
teachers used the four congruent right triangle pieces
as well as a little square piece. They first formed a
bi
b
square using all five of the puzzle pieces as shown in
Figure 4. This square clearly has area c 2 • Looking at
c_ __,
this square, they also noticed that they could
determine the side length of the little square in terms
b
a
of a and b. So the area of the little square must be
(b- a) 2 • They then rearranged the four triangular
Figure 3
pieces to form a rectangle with area 2ab (see Figure
5). Since the exact same pieces were used to form the little square and rectangle as the original
square with side length c, these two configurations of the five pieces must have the same area.
So, (b- a) 2 + 2ab = c 2 => b 2 - 2ab + a 2 + 2ab = c 2 • Therefore, a 2 + b2 = c 2 .

I_ - .-. . . __.____
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c

c
Continuing with our geometric theme, we also looked
a

c

a

Figure 4
at how the area formulas for basic
geometric shapes are all related to the area
b
b-a
of a rectangle. We considered
b-aD
parallelograms first and saw that they
could easily be transformed into rectangles
by cutting a triangle off of one end and reFigure 5
allotting it to the other end. Thus,
rectangles and parallelograms must have the same area formula. From this then·it was easy to
determine the area of any triangle because two copies of the triangle could be arranged to form a
parallelogram (using a 180° rotation) so the area of a triangle must be half the area of the
parallelogram with the same base and height. Likewise the area of a trapezoid could be
determined by taking two copies of the trapezoid and rotating one of them 180° to form a
parallelogram with the same height and base length equal to the sum of the lengths of the two
bases of the trapezoid. I believe that these were important connections for the teachers to make
because it provides a way for their students to go beyond memorizing formulas to understanding
how the area of various shapes are related. This then provides a strong foundation for them as
they move to the concepts of surface area and volume for three-dimensional objects. Rather than
memorizing many surface area and volume formulas, they could now decompose a 3D object
into its two-dimensional parts and easily determine the area of each. They could also then see
that to find volume, they are finding the area of the base (which they can easily find since it is
just a 2D figure) and then multiplying by the depth of the object for prisms and cylinders. Of
course, if dealing with a pyramid or cone the volume will actually be 1/3 of this product since 3
such pyramids (or cones) could fill a prism (or cylinder) with the same base, but the important
thing is that they see the relationship between area and volume and how this understanding can
greatly reduce the number of formulas they need to memorize. We finished up our last session
looking at some basic origami constructions and how geometric ideas, like bisecting, could be
investigated in the construction of an origami cube.
In addition to hostingthe workshop, we also had the opportunity to worship with the teachers
and the villagers in their church and to eat meals in the homes of the church members. We also
enjoyed a trip through the Mikumi National Game Park where we were almost charged by an
elephant and saw giraffes, zebras, impalas, warthogs, water buffalos, crocodiles, hippos, and a
host of other Africa birds and animals.
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Final Notes:
Thanks to Chad and Becca Zuber and Mike and Lynn Caraway for hosting and encouraging us in
this endeavor. Their knowledge and service were immensely helpful in making our interactions
with their teachers a success.
All materials and ideas that I shared with the Tanzanian teachers were adapted from activities
from my Math for Teachers and Liberal Arts Math classes. The primary textbooks that I use for
these courses are Mathematics for Elementary School Teachers by Tom Bassarear and The Heart
of Mathematics by Edward Burger and Michael Starbird.
Since returning from Tanzania, we have learned that the government has taken over the Kanisa
La Neema Secondary Schools. Chad Zuber and GMI have plans to build new secondary schools
in Sumbawanga, but for now the class sizes have been drastically increased while the number of
teachers has been cut because of the government's take over of the schools. Although many of
the teachers have moved on because of this, it is our hope that they are using what they learned
from the workshop to influence possibly an even broader range of students despite this
unfortunate occurrence.
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